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ABS TRACT 

Two t y p e s  of d e t e r i o r a t i o n  i n  t h i n  f i l m  t u n n e l  c a t h o d e s  were 
i d e n t i f i e d  by d i r e c t  t r a n s m i s s i o n  e l e c t r o n  microscopy. S p u t t e r e d  gold  
o v e r  s p u t t e r e d  bismuth o x i d e  w a s  i n v e s t i g a t e d  e x t e n s i v e l y  as a t h i n  cover  
metal f i l m .  The e x p e r i m e n t a l  evidence s t r o n g l y  s u g g e s t s  t h a t  e l e c t r o n  
emiss ion  i n  t u n n e l  ca thodes  is through many s m a l l  h o l e s  i n  t h e  cover  metal, 
r a t h e r  t h a n  by any d i r e c t  h o t  e l e c t r o n  t r a n s p o r t  p r o c e s s  through t h e  c o v e r  
metal. 
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I. INTRODUCTION 

A s  a r e s u l t  of t h e  f i r s t  phase  of t h i s  s t u d y ,  w e  concluded 
t h a t  an Al-A1203-Pt/Pd s t r u c t u r e  was a promising t h i n  f i l m  t u n n e l  ca thode  
which was, however, s u b j e c t  t o  a p a r t i a l l y  r e v e r s i b l e  d e t e r i o r a t i o n .  The 
two major o b j e c t i v e s  of t h i s  second phase were t o  de te rmine  t h e  e x a c t  
n a t u r e  of t h e  d e t e r i o r a t i o n  and t o  deve lop  t e c h n i q u e s  f o r  minimizing i t .  

I n  S e c t i o n s  1 1 - B  and 1 1 - C ,  w e  summarize o u r  o b s e r v a t i o n s  of 
t h e  p h y s i c a l  a s p e c t s  of d e t e r i o r a t i o n  i n  ca thodes  u s i n g  evapora ted  p l a t i -  
num and g o l d  as cover  metals. I n  S e c t i o n  I11 w e  d e s c r i b e  t h e  s e a r c h  f o r  
a b e t t e r ,  more s tab le  c o v e r  metal f i l m ,  which l e d  u s  t o  t h e  s u r p r i s i n g  
c o n c l u s i o n  t h a t  as one makes t h e  t h i n  cover  metal f i l m  more s t r u c t u r a l l y  
sound t h e  e l e c t r o n  emiss ion  e f f i c i e n c y  d r o p s .  
t h e  i m p l i c a t i o n s  of t h i s  d i scovery  i n  t h e  l i g h t  of p r e s e n t  t h e o r i e s  of 
e l e c t r o n  t u n n e l  emiss ion .  Recommendations f o r  exper iments  t o  p o s i t i v e l y  
i d e n t i f y  t h e  emiss ion  p r o c e s s  a r e  p r e s e n t e d  i n  S e c t i o n  V .  

I n  S e c t i o n  I V  w e  examine 

1 

Zlrthur i31 .%ittIc,3nr. 



11. OBSERVATION OF TUNNEL CATHODE DETERIORATION 

A. TECHNIQUE 

The pr imary d i a g n o s t i c  t e c h n i q u e  t h a t  w e  have used  i s  d i r e c t  
t r a n s m i s s i o n  e l e c t r o n  microscopy of t h e  ca thode  s t r u c t u r e s  a t  v a r i o u s  
s t a g e s  i n  t h e i r  o p e r a t i n g  l i f e t i m e s .  A g l a s s  s u b s t r a t e  is  f i r s t  c o a t e d  
w i t h  a t h i n  l a y e r  of p l a s t i c  ( 4 %  p a r l o d i o n  i n  amyl a c e t a t e ) ,  a p p l i e d  by 
medicine dropper .  Subsequent s t r i p p i n g  of t h e  p l a s t i c  from t h e  s u b s t r a t e  
seems t o  b e  f a c i l i t a t e d  by rubbing a minute  amount of s i l i c o n e  o n t o  t h e  
s u b s t r a t e  w i t h  a c l e a n  c l o t h  b e f o r e  a p p l y i n g  t h e  p l a s t i c .  The s o l v e n t  i s  
al lowed t o  e v a p o r a t e  o v e r n i g h t ,  a f t e r  which t h e  ca thode  i s  b u i l t  up i n  t h e  
u s u a l  manner on t o p  of t h e  p l a s t i c .  Cathodes made i n  t h i s  manner behave 
e l e c t r i c a l l y  t h e  same as t h o s e  d e p o s i t e d  d i r e c t l y  o n t o  g l a s s .  A f t e r  test-  
i n g ,  s e l e c t e d  areas of t h e  p l a s t i c  p l u s  ca thode  are c a r e f u l l y  f l o a t e d  o f f  
of t h e  g l a s s  and onto  a n  e l e c t r o n  microscope specimen g r i d .  The p l a s t i c  
i s  t h e n  d i s s o l v e d  i n  amyl a c e t a t e  vapor  and t h e  specimen is  ready f o r  
g b s e r v a t i o n .  
A ,  i t  w i l l  b e  t r a n s l u c e n t  t o  a 50-75 k i l o v o l t  e l e c t r o n  beam. 

S i n c e  t h e  t o t a l  device  t h i c k n e s s  can b e  made l e s s  t h a n  1000 

A t echnique  t h a t  sometimes s u c c e s s f u l l y  s t r i p s  ca thodes  d i r e c t l y  
from g l a s s  i s  t o  c a r e f u l l y  d i p  t h e  edge of t h e  area t o  b e  s t r i p p e d  i n t o  a 
weak sodium hydroxide s o l u t i o n .  The sodium hydroxide w i l l  s lowly  work i t s  
way under t h e  cover  metal t o  d i s s o l v e  t h e  aluminum. There i s  some e v i -  
dence t h a t  t h e  oxide  f l o a t s  f r ee  a l o n g  w i t h  t h e  cover  metal .  The specimen 
is  p i c k e d  up from t h e  l i q u i d  s u r f a c e  on a specimen g r i d ,  r i n s e d  by f l o a t i n g  
f o r  a few minutes  i n  d i s t i l l e d  water  and i s  t h e n  ready f o r  o b s e r v a t i o n .  

I n i t i a l  o b s e r v a t i o n s  were made on ca thodes  u s i n g  p l a t i n u m  a s  a 
t h i n  cover  metal. A f t e r  observing t h a t  g o l d  covered ca thodes  d e t e r i o r a t e d  
i n  much t h e  same way as p la t inum covered c a t h o d e s ,  w e  swi tched  t o  gold  as 
a c o v e r  metal because  of t h e  r e l a t i v e  ease of p r e p a r a t i o n  of g o l d  f i l m s  
w i t h  r e p r o d u c i b l e  s t r u c t u r e s .  
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B. Al-Al?O?-Pt CATHODES 

F i g u r e  1 is an e x c e p t i o n a l l y  clear p i c t u r e  of a n  Al-Al203-Pt 
ca thode  a t  a m a g n i f i c a t i o n  of 165,000. The e v a p o r a t e d  aluminum f i l m  h a s  
a g r a i n  s i z e  a v e r a g i n g  several thousand Angstroms. 
b e i n g  s t r u c t u r e l e s s ,  i s  i n v i s i b l e .  The p l a t i n u m  is  c l e a r l y  v i s i b l e  as a 
d i s c o n t i n u o u s  f i l m  w i t h  a p a r t i c l e  s i z e  of about  50 Angstroms. It h a s  
been shown by e l e c t r o n  d i f f r a c t i o n  t h a t  t h e  small p a r t i c l e s  are p la t inum.  
P la t inum f i l m s  w i t h  t h i s  i s l a n d  type of s t r u c t u r e  t y p i c a l l y  have s h e e t  
res is t ivi t ies  of 103-104 ohms p e r  s q u a r e .  

The aluminum o x i d e ,  

Two d i s t i n c t  t y p e s  of d e t e r i o r a t i o n  have been i d e n t i f i e d .  The 
f i r s t  type  a p p e a r s  t o  occur  i n  cathodes which have a cover  metal t h i n  
enough t o  b e  almost  o r  a c t u a l l y  d i s c o n t i n u o u s ,  and c o n s i s t s  of r u p t u r e  of 
t h e  p la t inum f i l m ,  aluminum o x i d e  f i l m  o r  b o t h ,  p l u s  a m i g r a t i o n  of p l a t i n u m  
a c r o s s  t h e  ca thode  s u r f a c e ,  probably under  t h e  i n f l u e n c e  of l o c a l  h e a t i n g .  
F i g u r e  2 shows a d i s t u r b e d  area of such a ca thode  and covers  about  0.3% of 
t h e  t o t a l  a c t i v e  ca thode  a r e a .  F igure  3 is  an  e n l a r g e d  view of t h e  area 
o u t l i n e d  i n  F i g u r e  2 .  The ca thode  c o n t a i n e d  many s imi la r  a r e a s ,  i n  some of  
which t h e  aluminum f i l m  had blown o u t  comple te ly .  I n  t h i s  p a r t i c u l a r  area 
t h e  aluminum is  a lmost  i n t a c t ,  b u t  t h e  s i g n i f i c a n t  i n c r e a s e  i n  aluminum 
c r y s t a l l i t e  s i z e  i n  t h e  damaged a r e a  demonst ra tes  c l e a r l y  t h a t  t h e r e  h a s  
been severe h e a t i n g  i n  t h a t  area. The two b r i g h t  s t r e a k s  i n  t h e  lower l e f t  
and upper r i g h t  of F i g u r e  2 are a c t u a l  c r a c k s  i n  t h e  aluminum f i l m .  

W e  b e l i e v e  t h a t  t h e  f a i n t  boundary s e e n  a t  "A" i n  F i g u r e  3 is  t h e  
edge of t h e  aluminum oxide  f i l m  which h a s  c racked  because  of i t s  i n a b i l i t y  
t o  expand a long  w i t h  t h e  h e a t e d  aluminum. T h i s  boundary can b e  t r a c e d  f o r  
s e v e r a l  i n c h e s  a l o n g  b o t h  s i d e s  of t h e  c l e a r e d  area a t  "A" because t h e  
p l a t i n u m  h a s  m i g r a t e d  away from many p l a c e s  a l o n g  t h e  boundary. M i g r a t i o n  
of t h i s  t y p e  i s  known t o  t a k e  p l a c e  i n  many materials a t  tempera tures  f a r  
below t h e  b u l k  m e l t i n g  tempera ture .  M i g r a t i o n  i n  a p a r t i c u l a r  d i r e c t i o n  
i s  t h e  r e s u l t  of a n e g a t i v e  tempera ture  g r a d i e n t  i n  t h a t  d i r e c t i o n .  

The d e s t i n a t i o n  of t h e  m i g r a t i n g  p la t inum is n o t  always obvious ,  
b u t  one can see i n  F i g u r e  2 s u b t l e  v a r i a t i o n s  i n  average  d e n s i t y  i n  and 
n e a r  t h e  damaged area. On c l o s e r  examinat ion  of  t h e  areas of i n c r e a s e d  
d e n s i t y ,  t h e  p l a t i n u m  f i l m  i s  found t o  be more t i g h t l y  packed, i . e . ,  i t  
h a s  fewer  v o i d s  t h a n  i n  t h e  l i g h t e r  a r e a s .  

We p o s t u l a t e  t h a t  t h e  d i e l e c t r i c  h a s  f a i l e d  a t  some p o i n t  i n  t h e  
damaged area and t h a t  t h e  e l e c t r o s t a t i c  energy  s t o r e d  i n  t h e  d i e l e c t r i c  i n  
a r e g i o n  s u r r o u n d i n g  t h e  p o i n t  i s  d i s s i p a t e d  a t  t h e  breakdown p o i n t  and i n  
t h e  h i g h  r e s i s t a n c e  p la t inum f i l m  around t h e  breakdown p o i n t .  
t e m p e r a t u r e  rise and t h e r m a l  g r a d i e n t s  a r e  r e s p o n s i b l e  f o r  t h e  p la t inum 
d i f f u s i o n  and aluminum g r a i n  growth. 

The r e s u l t i n g  
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The second t y p e  of d e t e r i o r a t i o n  o c c u r s  i n  ca thodes  whose 
cover  metal i s  t h i c k  enough t o  be cont inuous ,  o r  n e a r l y  so.  
i s  i l l u s t r a t i v e  of t h i s  t y p e  of d e t e r i o r a t i o n  i n  which l o c a l i z e d  break-  
downs i n  t h e  d i e l e c t r i c  c a u s e  s m a l l  areas of t h e  p l a t i n u m  t o  m e l t  o r  
v a p o r i z e ,  d i s r u p t i n g  t h e  aluminum below and sometimes c a u s i n g  s h o r t s  i n  
t h e  oxide  remaining a t  t h e  edges  of t h e  h o l e s .  Metal, probably  p la t inum,  
s o l i d i f i e s  a t  t h e  edges of t h e  h o l e s .  The damaged areas are small and 
w e l l  d e f i n e d  because t h e r e  is  l i t t l e  j o u l e  h e a t i n g  i n  t h i s  t h i c k e r ,  more 
h i g h l y  c o n d u c t i v e  p l a t i n u m  f i l m .  The energy s t o r e d  i n  t h e  nearby  d i e l e c -  
t r i c  i s  t h e r e f o r e  d i s s i p a t e d  almost e n t i r e l y  a t  t h e  breakdown p o i n t .  

F i g u r e  4 

I n  t h e  c e n t e r  of each hole  one can see a l i g h t  c o l o r e d  area 
about  one- th i rd  t h e  d i a m e t e r  of t h e  h o l e .  I n  a d d i t i o n  many of t h e  h o l e s  
c o n t a i n  a small d a r k  s p o t  i n  t h e  c e n t e r  of t h e  l i g h t  area. To a i d  i n  
t h e  i n t e r p r e t a t i o n  of F i g u r e  4 ,  we took t h e  specimen g r i d o c a r r y i n g  t h e  
ca thode  shown i n  F i g u r e  4 and shadowed i t  w i t h  about  100 A of p la t inum 
a t  a n  a n g l e  of 18 d e g r e e s  from t h e  p l a n e  of t h e  f i l m .  The l e n g t h  of t h e  
shadows cast by any t o p o g r a p h i c a l  f e a t u r e  i s  t h u s  about  t h r e e  times t h e  
h e i g h t  of t h a t  f e a t u r e .  F i g u r e  5 shows a d i f f e r e n t  area, a f t e r  shadowing, 
of t h e  ca thode  shown i n  F i g u r e  4 .  We have p h o t o g r a p h i c a l l y  r e v e r s e d  
F i g u r e  5 s o  t h a t  areas i n  t h e  shadow of o b j e c t s  p r o j e c t i n g  from t h e  p l a n e  
of t h e  o r i g i n a l  ca thode ,  and which r e c e i v e  no p l a t i n u m  i n  t h e  shadowing 
p r o c e s s ,  have t h e  d a r k  appearance of o r d i n a r y  o p t i c a l  shadows. I n  
F i g u r e  5 t h e  " i l l u m i n a t i o n "  appears  t o  come from t h e  bot tom of t h e  p i c t u r e .  
Note,  however, t h a t  t h i s  s i m u l a t i o n  of o r d i n a r y  i l l u m i n a t i o n  a p p l i e s  o n l y  
t o  t o p o g r a p h i c a l  f e a t u r e s  of  t h e  cathode.  The u s u a l  e l e c t r o n  t r a n s m i s s i o n  
c h a r a c t e r i s t i c s  have been i n v e r t e d  s o  t h a t  l i g h t  areas i n  t h e  p i c t u r e  
r e p r e s e n t  opaque areas i n  t h e  cathode and v i c e  v e r s a .  

0 

I n  t h e  c e n t e r  of t h e  l a r g e  h o l e  i s  a c r a t e r  about  2500 A a c r o s s  
and p r o j e c t i n g  from t h e  c r a t e r  i s  a d r o p l e t  of material ,  presumably alumi- 
num, f r o z e n  w h i l e  s t i l l  b e i n g  e j e c t e d  from t h e  crater .  The smaller h o l e s  
have o n l y  a small  crater and no drop. There are two r e a s o n s  f o r  deducing 
t h a t  t h e  o b j e c t s  i n  t h e  s m a l l  h o l e s  are craters r a t h e r  t h a n  h i l l s .  F i r s t ,  
t h e y  show up l i g h t  i n  F i g u r e  4 and d a r k  i n  F i g u r e  5 implying a l o c a l  
r e d u c t i o n  i n  aluminum d e n s i t y  o r  t h i c k n e s s .  Second, t h e y  c a s t  no shadows, 
and t h e  shadowing mater ia l ,  which a p p e a r s  l i g h t  i n  F i g u r e  5 ,  h a s  d e p o s i t e d  
on t h e  upper s i d e  of t h e  o b j e c t .  I f  t h e  o b j e c t  were a h i l l  r a t h e r  t h a n  a 
c r a t e r ,  t h e  shadowing m a t e r i a l  would d e p o s i t  on i t s  n e a r ,  o r  lower s i d e .  
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ELECTRON MICROSCOPE PHOTOGRAPH OF CATHODE CH-4 AT EDGE OF GOLD BAR FIGURE 8 
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C.  Al-Al703-Au CATHODES 

D e t e r i o r a t i o n  almost  i d e n t i c a l  t o  t h a t  d e s c r i b e d  above i s  found 
i n  ca thodes  u s i n g  gold as a t h i n  cover metal. One v e r s i o n  of such a 
ca thode  i s  i l l u s t r a t e d  i n  F i g u r e  6 .  The o b j e c t  of t h i s  d e s i g n  w a s  t o  
u t i l i z e  t h e  t h i n n e s t  cover  metal  f i l m  p o s s i b l e ,  and t o  h e l p  overcome t h e  
v o l t a g e  drops  due t o  l a r g e  w a s t e  c u r r e n t s  i n  t h e  cover  metal a set  of 
t h i c k e r  metal b a r s  .005" wide and .010" on c e n t e r s  w a s  l a i d  down on t o p  
of t h e  cover  metal. 

F i g u r e  7 i l l u s t r a t e s  the e lec t r ica l  c h a r a c t e r i s t i c s  of ca thode  
number CH-4 which w a s  c o n s t r u c t e d  a c c o r d i n g  t o  t h e  above p l a n .  F i g u r e  7a 
shows t h a t  when f i r s t  t e s t e d  the cathode e m i t t e d  1 . 7  microamps f o r  a 
d i o d e  c u r r e n t  of 200 microamps, an e f f i c i e n c y  of j u s t  under  one p e r c e n t .  
A f t e r  several minutes  of  o p e r a t i o n  f o r  a t o t a l  of about  2000 p u l s e s ,  t h e  
c h a r a c t e r i s t i c s  had d e t e r i o r a t e d  t o  t h o s e  shown i n  F i g u r e  7b, t h e  e f f i -  
c i e n c y  having dropped t o  about  0.04%. F i g u r e  8 shows a 7 x 30 micron 
area of ca thode  CH-4 a f t e r  photograph 7b had been taken .  The area of t h e  
photograph i s  a t  t h e  edge of one  of t h e  t h i c k  g o l d  b a r s  and i t s  r e l a t i o n  
t o  t h e  s t r u c t u r e  i s  ske tched  i n  Figure 6c .  I n  F i g u r e  8 t h e  a x i s  of t h e  
g o l d  b a r  makes an  a n g l e  of 60-70" w i t h  t h e  l o n g  dimension of t h e  photo- 
graph.  
num c r y s t a l l i t e s .  Its average th ickness  i s  e s t i m a t e d  t o  100 A ,  and i t  
c o n s i s t s  of a series of  d i sconnec ted  i s l a n d s  of go ld .  The c e n t e r  s e c t i o n  
of t h e  photograph i s  t h e  penumbra of  t h e  shadow cast  by t h e  m e t a l  mask 
used d u r i n g  vacuum d e p o s i t i o n  of t h e  gold  b a r s .  
n e s s  of t h e  gold  b a r  i n c r e a s e s  from z e r o  t o  about  500 A and t h e  v o i d s  
between gold c r y s t a l l i t e s  d i sappear .  The r i g h t  s i d e  of F i g u r e  7 i s  taken  
through t h e  f u l l  500 8, t h i c k n e s s  of t h e  gold  b a r .  

On t h e  l e f t  is t h e  t h i n  gold s e e n  a g a i n s t  t h e  backgroynd of alumi- 

I n  t h i s  r e g i o n  t h e  t h i c k -  

The g o l d  m i g r a t i o n  on t h e  l e f t  s i d e  of F i g u r e  8 t a k e s  p l a c e  i n  
f i l a m e n t s  which are roughly perpendicular  t o  t h e  t h i c k  gold  b a r .  Dark 
a r e a s  a l o n g  one s i d e  o r  t h e  o t h e r  of t h e s e  f i l a m e n t s  show where t h e  g o l d  
h a s  gone. There does n o t  appear  t o  be any m i g r a t i o n  a long  t h e  a x i s  of 
t h e  f i l a m e n t ,  which is  t h e  d i r e c t i o n  one would expec t  waste c u r r e n t  t o  
f low i n  t h e  t h i n  gold cover  metal .  Therefore  i t  seems r e a s o n a b l e  t o  
assume t h a t  t h e  d r i v i n g  f o r c e  f o r  t h e  gold  i s  a thermal  r a t h e r  t h a n  
e l e c t r i c  f i e l d  o r  e l e c t r o m i g r a t i o n  e f f e c t .  The presence  of t h e  f i l a m e n t  
i m p l i e s  a nonuniform h e a t i n g  o f  the gold by t h e  waste c u r r e n t  which would 
t e n d  t o  f o l l o w  p a t h s  of lowest r e s i s t a n c e .  There are no obvious i r r e g u -  
l a r i t i e s ,  e i t h e r  i n  t h e  t h i n  gold l a y e r s  on unused ca thodes  o r  i n  t h e  
u n d e r l y i n g  aluminum f i l m  i n  Figure 8 t o  account  f o r  t h e  uneven c u r r e n t  
d i s t r i b u t i o n .  

Toward t h e  c e n t e r  of Figure 8 t h e  l o c a l i z e d  d i e l e c t r i c  break-  
down uct;irla, t h e  e x t m t  of the da;.;,age i n c r e a s i n g  w i t h  t h e  t h i c k n e s s  of 
t h e  g o l d  b a r .  We b e l i e v e  t h a t  the l a r g e  l i n e a r  component of d iode  c u r r e n t  
shown i n  F i g u r e  7b i s  f lowing through myriads of leakage  p a t h s  a t  t h e  
edges  of  t h e  h o l e s  where t h e  i n s u l a t o r  h a s  been d i s r u p t e d .  The a p p a r e n t  
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FIGURE 7 ELECTRICAL CHARACTERISTICS OF CATHODE CH-4 
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recovery  of t h e s e  ca thodes  under  baking ,  r e p o r t e d  under  t h e  p r e v i o u s  con- 
t ract ,  could  e a s i l y  have been due t o  o x i d a t i o n  of t h e  s h o r t i n g  metal i f  
i t  was aluminum, o r  t o  m i g r a t i o n  and agg lomera t ion  of t h e  s h o r t i n g  metal 
i f  i t  w a s  go ld .  

For  r e a s o n s  which a r e  s e t  f o r t h  i n  S e c t i o n  I V ,  w e  now s u s p e c t  
t h a t  emis s ion  i n  t h i s  t ype  of cathode t a k e s  p l a c e  most ly  around t h e  edges  
of h o l e s  i n  t h e  cover  metal; t h a t  new h o l e s  are formed as t h e  t e s t i n g  
proceeds  w h i l e  t h e  emis s ion  from e x i s t i n g  h o l e s  decays .  When t h e  area 
a v a i l a b l e  f o r  new h o l e s  v a n i s h e s ,  as i t  h a s  a lmos t  done on t h e  r i g h t  s i d e  
of F i g u r e  8 ,  t h e  ca thode  is  defunct .  
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111. ATTEMPTS TO PREVENT DETERIORATION 

As a r e s u l t  of t h e  above o b s e r v a t i o n s  on d e t e r i o r a t i o n  and t h e  
c u r r e n t  t h e o r y  of t u n n e l  emiss ion  as a h o t  e l e c t r o n  p r o c e s s  r e q u i r i n g  a 
v e r y  t h i n  cover  metal f i l m ,  w e  made two approaches  t o  t h e  problem of 
supply ing  proper  o p e r a t i n g  p o t e n t i a l s  t o  t h a t  area of t h e  ca thode  t h a t  
was cons idered  t o  b e  t h e  s o u r c e  of e l e c t r o n  e m i s s i o n ,  namely t h e  t h i n  
cover  metal  area. The f i r s t  approach w a s  t o  p l a c e  a n  a d d i t i o n a l  t h i c k -  
n e s s  of i n s u l a t i o n  under t h e  metal  b a r s  s o  t h a t  h i g h e r  p o t e n t i a l s  could  
be a p p l i e d  t o  t h e  d e v i c e  terminals w i t h o u t  c a u s i n g  d i e l e c t r i c  breakdown 
under  t h e  b a r s .  The second approach w a s  t o  make t h e  h i g h e r  t e r m i n a l  
v o l t a g e s  unnecessary  by improving t h e  s h e e t  c o n d u c t i v i t y  of t h e  cover  
metal  w i t h o u t  d e c r e a s i n g  i t s  t r a n s p a r e n c y  t o  h o t  e l e c t r o n s .  

The e x t r a  i n s u l a t o r  under t h e  b a r s  w a s  a p p l i e d  by e v a p o r a t i n g  
s i l i c o n  monoxide through a set  of masks c o n t a i n i n g  s l i t s  .002" wider  t h a n  
t h e  b a r s .  Proper  mask a l ignment  was d i f f i c u l t  b u t  w a s  ach ieved  by moving 
t o  a vacuum system w i t h  b e t t e r  mechanical f e a t u r e s .  A t o t a l  of t e n  such  
c a t h o d e s  w a s  made. The f i r s t  couple  of ca thodes  made t h i s  way showed some 
promise s i n c e  t h e i r  l i f e t i m e  w a s  4-5 t i m e s  g r e a t e r  t h a n  t h e  average  of 
about  2000 p u l s e s .  However, subsequent  a t t e m p t s  t o  d u p l i c a t e  t h i s  per-  
formance f a i l e d ,  and w e  conclude  t h a t  t h e  i n t i a l  improvement w a s  t h e  r e s u l t  
of some e x t r a n e o u s  c i rcumstance .  It w a s  observed t h a t ,  even though t h e  
r e g i s t r a t i o n  of t h e  e x t r a  i n s u l a t o r  and t h e  b a r s  w a s  p e r f e c t ,  t h e r e  w a s  
always some r e s i d u a l  d i e l e c t r i c  breakdown a t  t h e  v e r y  edge of t h e  b a r s .  
The reason  f o r  t h i s  b e h a v i o r  i s  not  unders tood .  

Attempts  t o  improve t h e  c o n d u c t i v i t y  of t h e  cover  m e t a l  f i l m  
i n c l u d e d  methods f o r  enhancing the  n u c l e a t i o n  of evapora ted  f i l m s  and 
d e p o s i t i o n  by c a t h o d i c  s p u t t e r i n g .  A t o t a l  of seven  ca thodes  w a s  made i n  
t h e  n u c l e a t i o n  series. Carbon, manganese o r  chromium w a s  d e p o s i t e d  on 
top  of t h e  aluminum oxide  i n  a n  almost i n v i s i b l e  l a y e r  and t h e  gold  o r  
p l a t i n u m  condensed on t o p  i n  t h e  u s u a l  f a s h i o n .  There w a s  no measurable  
d i f f e r e n c e  i n  performance o r  s t r u c t u r e  between t h e s e  ca thodes  and o t h e r s  
p r e p a r e d  w i t h o u t  t h e  added l lnucleatingll  material. The same w a s  t r u e  f o r  
c a t h o d e s  cooled  t o  l i q u i d  n i t r o g e n  t e m p e r a t u r e s  d u r i n g  cover  metal deposi-  
t i o n .  

I t  i s  known t h a t  c e r t a i n  metal o x i d e s ,  n o t a b l y  bismuth o x i d e ,  

G i l l h a m ,  P r e s t o n  and Wil l iams( ' )  i e s c r i b e  a 
have  t h e  a b i l i t y  t o  enhance t h e  c o n d u c t i v i t y  and s t a b i l i t y  of s u i t a b l y  
d e p o s i t e d  t h i n  gold  f i l m s .  
ser ies  of experiments  whereby gold f i l m s  on t h e  o r d e r  of 100 A t h i c k  can 
b e  made t o  e x h i b i t  n e a r l y  b u l k  c o n d u c t i v i t y  by sandwiching t h e  gold between 
t h i n  l a y e r s  of bismuth o x i d e .  Both t h e  g o l d  and t h e  bismuth o x i d e  were 
s p u t t e r e d ,  t h e  g o l d  i n  p u r e  argon and t h e  bismuth o x i d e  from a bismuth 
c z t h ~ d e  i n  an oxygen-argon mixtiire, 
h i g h l y  r e s i s t a n t  t o  t h e  agglomerat ion u s u a l l y  caused by h e a t i n g .  
a u t h o r s  r e p o r t  t h a t  bismuth oxide lgold lb ismuth  o x i d e  s t r u c t u r e s  could b e  
h e a t e d  t o  400°C w i t h  a n  a c t u a l  improvement i n  c o n d u c t i v i t y  and t h a t  bismuth 
o x i d e / g o l d  s t r u c t u r e s  could  s t a n d  up t o  200°C w i t h o u t  a d v e r s e  e f f e c t s .  

These gold  f i l m s  were r e p o r t e d  t o  b e  
The 
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These p r o p e r t i e s  of  good c o n d u c t i v i t y  and t h e r m a l  s t a b i l i t y  
seemed i d e a l  f o r  o u r  purpose so we performed a series of exper iments  t o  
see whether  t h e  n e c e s s a r y  amount of bismuth o x i d e  could  b e  i n c l u d e d  i n  
our  s t r u c t u r e s  w i t h o u t  a n  a d v e r s e  i n f l u e n c e  on t h e  e l e c t r o n  emiss ion  
e f f i c i e n c y .  

S p u t t e r i n g  w a s  accomplished i n  t h e  f i x t u r e  s k e t c h e d  i n  F i g u r e  9 
which w a s  des igned  t o  c o n f i n e  t h e  glow d i s c h a r g e  t o  t h e  upper  s u r f a c e  of 
t h e  ca thode .  The ca thode  is  a blank of p u r e  aluminum 30 x 40 x 5 m m ,  
c leaned  by e t c h i n g  i n  a weak sodium hydroxide s o l u t i o n  and thoroughly  
r i n s i n g  i n  d i s t i l l e d  water. The blank i s  c o a t e d  by vacuum d e p o s i t i o n  of 
e i t h e r  go ld  o r  bismuth a t  a system p r e s s u r e  of 2-5 x t o r r .  The b i s -  
muth is s p u t t e r e d  i n  a premix o f  3% oxygen i n  a rgon  which i s  k e p t  f l o w i n g  
through t h e  system by a mechanical roughing pump. 
i n  p u r e  argon.  The d i s c h a r g e  v o l t a g e  w a s  u s u a l l y  k e p t  a t  about  600 v o l t s  
and t h e  p r e s s u r e  r e g u l a t e d  t o  keep t h e  upper boundary of  t h e  ca thode  d a r k  
s p a c e  halfway between ca thode  and s u b s t r a t e .  T h i s  was achieved  a t  g a s  
p r e s s u r e s  of  70-120 microns f o r  t h e  oxygen-argon mix and 100-160 microns 
f o r  t h e  pure  a rgon ,  and gave c u r r e n t  d e n s i t i e s  t h a t  could  b e  v a r i e d  around 
a nominal 1-2 mill iamps/cm2 by smal l  changes i n  t h e  d i s c h a r g e  v o l t a g e .  
The f i x t u r e  geometry which l e d  t o  t h e s e  o p e r a t i n g  p r e s s u r e s  w a s  n o t  a good 
c h o i c e  s i n c e  t h e  s p u t t e r i n g  y i e l d  of metals i s  very  p r e s s u r e  sens i t ive  i n  
t h i s  range of p r e s s u r e s .  (2) 
c h a r g e  parameters  and f i l m  s h e e t  r e s i s t a n c e .  For b e t t e r  s p u t t e r i n g  r a t e  
c o n t r o l  a p r e s s u r e  of 20-50 microns would have been more d e s i r a b l e  b u t  
would have r e q u i r e d  cathode-anode s p a c i n g s  of 2-3 c m  and c o r r e s p o n d i n g l y  
h i g h e r  v o l t a g e s .  

The g o l d  is s p u t t e r e d  

The r e s u l t  was a poor c o r r e l a t i o n  between d i s -  

The range of d i s c h a r g e  c u r r e n t s  and s p u t t e r i n g  t i m e s  t o  be 
i n v e s t i g a t e d  w a s  determined e m p i r i c a l l y .  Bismuth o x i d e  s p u t t e r i n g  times 
less t h a n  20 seconds o r  more t h a n  60 seconds a t  1 milliamp/cm2 g e n e r a l l y  
gave a h i g h e r  r e s i s t i v i t y  i n  t h e  subsequent ly  s p u t t e r e d  g o l d  f i l m s .  Gold 
s p u t t e r i n g  t i m e s  less t h a n  1 5  seconds a t  1 milliamp/cm2 u s u a l l y  l e d  t o  
d i s c o n t i n u o u s ,  h i g h  r e s i s t a n c e  f i l m s .  A d d i t i o n a l  g o l d  f i l m s  were s p u t t e r e d  
a t  h i g h e r  v o l t a g e s  and lower p r e s s u r e s ;  o t h e r s  were s p u t t e r e d  a t  h i g h e r  
c u r r e n t  d e n s i t i e s  f o r  s h o r t e r  times. No c lear  t r e n d s  i n  ca thode  perform- 
a n c e  r e s u l t e d  from t h e s e  v a r i a t i o n s .  Twenty-nine ca thodes  were made i n  
t h i s  series w i t h  s p u t t e r e d  g o l d  cover m e t a l  f i l m s .  

Most of t h e s e  ca thodes  u s i n g  s p u t t e r e d  f i l m s  had t h e  s o r t  of non- 
l i n e a r  I -V c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  c u r r e n t  t r a n s p o r t  through insu-  
l a t o r s .  However, o n l y  f o u r  had any d e t e c t a b l e  ( amps) e l e c t r o n  
e m i s s i o n ,  and of t h e s e  f o u r  only  one s u r v i v e d  long enough f o r  a c c u r a t e  
measurements of i ts  e l e c t r i c a l  character is t ics .  The i n i t i a l  e f f i c i e n c y  of  
t h i s  last  ca thode ,  P47, w a s  1 x o p e r a t i n g  a t  1 4  v o l t s .  C a r e f u l  
electrcn m i c r ~ s c o p i c  o b s e r v a t i o n  of these f o u r  ca thodes  r e v e a l e d  t h a t  a l l  
had cover  metal f i l m s  which were p h y s i c a l l y  porous.  Cathode P47, which 
had t h e  g r e a t e s t  e m i s s i o n ,  had a comple te ly  d i s c o n t i n u o u s  cover  metal f i l m  
c o n s i s t i n g  of p a r t i c l e s  20 t o  40 i n  d iameter  w i t h  s i m i l a r  s p a c i n g .  Four 
c a r e f u l  a t t e m p t s  t o  d u p l i c a t e  the  d e p o s i t i o n  c o n d i t i o n s  of ca thode  P47 re- 
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s u l t e d  i n  d e v i c e s  w i t h  no emission.  The next b e s t  ca thode ,  P37, whose 
i n i t i a l  e f f i c i e n c y  was about  a t  15 v o l t s  had a l a c y  cover  metal f i l m  
wherein t h e  gold  particles were i n t e r c o n n e c t e d  b u t  w i t h  many i r r e g u l a r  
h o l e s  of 200-400 A s i z e  c o v e r i n g  a t  least  h a l f  o f , t h e  t o t a l  area. The 
o t h e r  two c a t h o d e s ,  P45 and P46, whose emiss ion  w a s  j u s t  b a r e l y  d e t e c t a b l e  
had cover  metal f i l m s  t h a t  were almost comple te ly  cont inuous ,  t h a t  i s ,  had 
much smaller v o i d s ,  occupying less t h a n  one p e r c e n t  of t h e  t o t a l  area.  

Of t h e  d e v i c e s  t h a t  showed no d e t e c t a b l e  emiss ion ,  numbers P59b 
and P60b were examined c a r e f u l l y  i n  t h e  e l e c t r o n  microscope and found t o  
have no v o i d s  a t  a l l  i n  t h e  cover  metal f i l m .  Both gold cover  metal f i l m s  
were a p a l e  ye l low t o  yellow-green i n  t r a n s m i s s i o n ,  a l s o  i n d i c a t i v e  of a 
cont inuous  r a t h e r  t h a n  agglomerated s t r u c t u r e .  The s h e e t  r e s i s t a n c e  of 
P59b w a s  4.2 ohms/square.  
e m p i r i c a l l y  re la tes  r e s i s t i v i t y  and t h i c k n e s s  of g o l d  f i l m s  s p u t t e r e d  o n t o  
bismuth oxide  under c o n d i t i o n s  almost i d e n t i c a l  t o  o u r s ,  w e  i n f e r  a t h i c k -  
n e s s  of about  220 A f o r  t h e  gold  cover  metal of P59b. White l i g h t  t r a n s -  
m i s s i o n  of 50% through t h e  t h i n  gold o n l y  of P59b i s  a l s o  c o n s i s t e n t  w i t h  
g o l d  t h i c k n e s s  on t h e  o r d e r  of 200 8. The h o t  e l e c t r o n  t h e o r y  of t u n n e l  
emiss ion  and previous  exper imenta l  r e s u l t s ( 3 )  p r e d i c t  t h a t  a 200 cover  
metal f i l m  should  g i v e  a ca thode  w i t h  a n  e f f i c i e n c y  on t h e  o r d e r  of 10% 
No emiss ion  w a s  observed ,  a l though t h e  a p p a r a t u s  is c a p a b l e  of d e t e c t i n g  
e f f i c i e n c i e s  as low as 10-6. 

Using t h e  method of Gil lham e t  a l ( l ) ,  which 

I n  summary, our  a t tempts  t o  improve ca thode  performance by 
c r e a t i n g  an  extremely t h i n ,  y e t  p h y s i c a l l y  cont inuous  gold  cover  metal 
f i l m  have l e d  u s  i n  e x a c t l y  t h e  o p p o s i t e  d i r e c t i o n .  I n  t h e  n e x t  s e c t i o n ,  
w e  s p e c u l a t e  on t h e  r e a s o n s  f o r  t h i s  b e h a v i o r  and d e s c r i b e  some a d d i t i o n a l  
exper iments .  
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I V .  EVIDENCE FOR EMISSION THROUGH HOLES 

The f a c t  t h a t  g r e a t e r  p h y s i c a l  c o n t i n u i t y  i n  t h e  cover  metal 
f i l m  l e a d s  t o  a d e c r e a s e  i n  emission e f f i c i e n c y  s u g g e s t s  t h a t  e l e c t r o n  
emiss ion  from t h i s  t y p e  of cathode may n o t  r e s u l t  from h o t  e l e c t r o n s  
p a s s i n g  through t h e  cover  m e t a l ,  a s  t h e  p r e s e n t  t u n n e l  emiss ion  t h e o r i e s  
p r e d i c t ,  b u t  r a t h e r  from e l e c t r o n s  p a s s i n g  through v o i d s  i n  a n  o t h e r w i s e  
cont inuous cover  metal f i l m .  The pr imary purpose  of t h e  cover  metal f i l m  
would t h e n  b e  as an  e q u i p o t e n t i a l  s u r f a c e  t o  m a i n t a i n  h i g h  f i e l d s  a t  t h e  
s u r f a c e  of t h e  i n s u l a t o r ,  from which t h e  e l e c t r o n s  are a c t u a l l y  b e i n g  
e m i t t e d .  F i g u r e  1 0  i l l u s t r a t e s  how such  an  emiss ion  p r o c e s s  might work 
and a l s o  shows how t h e  s i z e  of t h e  h o l e s  could  i n f l u e n c e  t h e  emiss ion  
e f f i c i e n c y .  The h i g h e s t  f i e l d s  on t h e  i n s u l a t o r  would b e  j u s t  a t  t h e  
edge of t h e  h o l e .  A t  a d i s t a n c e  away from t h e  edge t h r e e  t i m e s  t h e  i n s u -  
l a t o r  t h i c k n e s s ,  t h e  e l ec t r i c  f i e l d  w i l l  b e  down by a n  o r d e r  of magni tude.  ( 4 >  
I f  t h e  emission p r o c e s s  i s  due t o  h i g h  f i e l d s  a t  t h e  s u r f a c e  of t h e  insu-  
l a t o r ,  emiss ion  i s  going  t o  occur  p r i m a r i l y  a t  t h e  edge of t h e  h o l e ,  and 
t h e  rest of t h e  h o l e  is waste a r e a .  
t h e n  be a h igh  conductance f i l m  with a g r e a t  many 200-300 A d iameter  h o l e s .  

The optimum cover  m e t $  f i l m  would 

With t h i s  i n  mind w e  made a n o t h e r  group of 8 c a t h o d e s ,  a g a i n  
u s i n g  evapora ted  gold  as a cover  metal because  of i t s  n a t u r a l  tendency t o  
form v o i d s ,  b u t  a iming f o r  a f i l m  s t r u c t u r e  l i k e  t h a t  j u s t  t o  t h e  l e f t  of 
c e n t e r  of F i g u r e  8 where t h e  gold  f i l m  i s  cont inuous  around t h e  v o i d s  and 
t h i c k  enough t o  have a good s h e e t  conductance.  

A t  t h i s  t i m e  w e  a l s o  made a new se t  of e v a p o r a t i o n  masks which 
al lowed us t o  measure t h e  cover  metal s h e e t  r e s i s t a n c e  w i t h o u t  opening 
t h e  vacuum system. The cover  metal  s h e e t  r e s i s t a n c e  on t h e s e  ca thodes  
ranged from 7 t o  50 ohms/square.  The most s t a b l e  emiss ion  w a s  from t h o s e  
w i t h  t h e  lowest  r e s i s t a n c e  b u t  i n  no case was t h e  i n i t i a l  e f f i c i e n c y  
g r e a t e r  than  The i n t e r e s t i n g  t h i n g  about  t h i s  group of ca thodes  i s  
t h a t  most of them d i d  n o t  e m i t  when they were f i r s t  made. I n  a d d i t i o n  
t h e y  i n i t i a l l y  had a l a r g e  ohmic d iode  c u r r e n t  such  as one might e x p e c t  
from a number of i s o l a t e d  s h o r t s  through t h e  i n s u l a t o r .  However, i f  
t h e y  were pulsed  w i t h  g r a d u a l l y  i n c r e a s i n g  v o l t a g e s ,  t h e  s h o r t s  would 
e v e n t u a l l y  b e  c l e a r e d ,  weakest  f i r s t ,  t h e  d iode  c u r r e n t  would drop t o  
normal ,  and emiss ion  would b e g i n .  

E l e c t r o n  microscopic  o b s e r v a t i o n  of some of t h e s e  ca thodes  
r e v e a l e d  t h a t  t h e  cover  metal f i l m s  were cont inuous  u n t i l  t h e y  had been 
t e s t e d ,  a f t e r  which t h e y  conta ined  h o l e s  of t h e  s o r t  shown i n  F i g u r e  4 .  
Cathodes which had been o p e r a t e d  f o r  a l o n g e r  p e r i o d  had more h o l e s  t h a n  
t h o s e  o p e r a t e d  f o r  s h o r t  p e r i o d s .  I n  terms of t h e  emiss ion  p r o c e s s  
s u g g e s t e d  above, t h e s e  o b s e r v a t i o n s  imply t h a t  emiss ion  r e q u i r e s  t h e  h o l e s  
g e n e r a t e d  by t h e  s h o r t  c l e a r i n g ,  o r  forming p r o c e s s .  A s  t h e  t e s t i n g  pro- 
c e e d s ,  new h o l e s  are formed and t h e  e x i s t i n g  ones b e g i n  some unknown 
p r o c e s s  of d e t e r i o r a t i o n .  The n e t  e f f e c t  o f  t h i s  c r e a t i o n  and d e t e r i o r a -  
t i o n  of emiss ion  s i tes  i s  u s u a l l y  a d e c l i n e  i n  e m i s s i o n ,  a l though w e  have 

19 

2rthur D.%ttlr,%nr. 



observed on a few o c c a s i o n s  t h a t  t h e  emiss ion  t e m p o r a r i l y  improved 
from i ts  i n i t i a l  v a l u e  b e f o r e  i t s  f i n a l  d e c l i n e .  Cathode P47, f o r  
i n s t a n c e ,  a f t e r  some i n i t i a l  forming i n c r e a s e d  i t s  e f f i c i e n c y  from 
2 x loq4  t o  5 x 
o f f  t o  5 x a f t e r  16  hours  and 60,000 more p u l s e s .  I f ,  a f t e r  t h e  
emiss ion  e f f i c i e n c y  has  d e c l i n e d  t o ,  s a y ,  t e n  p e r c e n t  of i t s  i n i t i a l  
v a l u e ,  t h e  d r i v e  v o l t a g e  is i n c r e a s e d  a few t e n t h s  of  a v o l t ,  t h e  
emiss ion  can b e  r e s t o r e d  t o  i t s  i n i t i a l  v a l u e ,  o r  g r e a t e r ,  a f t e r  which 
i t  b e g i n s  t o  d e c l i n e  a g a i n .  The reason  f o r  t h i s  b e h a v i o r  probably  l i e s  
i n  t h e  v a r i a t i o n  of d i e l e c t r i c  breakdown s t r e n g t h  o v e r  t h e  ca thode  area. 
During t h e  forming p r o c e s s  and t e s t i n g  a t  t h e  f i r s t  v o l t a g e , t h e  weakest  
p o i n t s  i n  t h e  d i e l e c t r i c  break  down, c r e a t i n g  emiss ion  si tes which t h e n  
decay. When t h e  a p p l i e d  v o l t a g e  is i n c r e a s e d ,  new areas b r e a k  down, t h e  
number depending on t h e  i n c r e a s e  i n  v o l t a g e  and t h e  inhomogeneity of t h e  
d i e l e c t r i c .  T h i s  e f f e c t  can b e  observed on t h e  s h i n y  gold  s u r f a c e  a s  a 
h a z i n e s s  which becomes more prominent as t h e  d e t e r i o r a t i o n  proceeds .  
E v e n t u a l l y  t h e  ca thode  looks  l i k e  t h e  r ight-hand s i d e  of F i g u r e  8 ,  no 
new h o l e s  can b e  formed and t h e  emission d e c l i n e s  permanent ly .  

a f t e r  about  20,000 p u l s e s  i n  30 m i n u t e s ,  dropping 

T h i s  forming p r o c e s s  was n o t  observed i n  c a t h o d e s  having  con- 
t i n u o u s  s p u t t e r e d  g o l d  cover  metal  f i l m s .  T h i s  i m p l i e s  t h a t  t h e  
s p u t t e r e d  bismuth o x i d e  d i e l e c t r i c  i s  more homogeneous t h a n  t h e  plasma 
formed aluminum oxide .  I f  s o ,  the  d i e l e c t r i c  breakdown would probably 
b e  more c a t a s t r o p h i c  s i n c e  l a r g e r  a r e a s  would b r e a k  down s i m u l t a n e o u s l y .  
Some s u p p o r t  f o r  t h i s  c o n c l u s i o n  can b e  drawn from o p t i c a l  microscopic  
o b s e r v a t i o n  of such f i l m s  a f t e r  t e s t i n g ,  which shows t h a t  t h e  break-  
down areas are d e n d r i t i c  i n  shape r a t h e r  t h a n  c i r c u l a r  and are on t h e  
o r d e r  of hundreds of microns l o n g  r a t h e r  t h a n  t e n t h s  of  microns i n  
d i a m e t e r .  

I n  summary, w e  have found what a p p e a r s  t o  b e  a s t r o n g  c o r r e -  
l a t i o n  between e l e c t r o n  emiss ion  i n  t h i n  f i l m  t u n n e l  ca thodes  and t h e  
p r e s e n c e  of h o l e s ,  e i t h e r  n a t u r a l  o r  caused by t e s t i n g ,  i n  t h e  cover  
metal f i l m .  S i n c e  t h i s  d i scovery  o c c u r r e d  a t  t h e  v e r y  end of t h e  
program, w e  have n o t  been a b l e  t o  demonst ra te  c o n c l u s i v e l y  t h a t  e l e c t r o n s  
are e m i t t e d  through h o l e s  i n  t h e  cover  m e t a l  f i l m .  However, t h e  ev idence  
i s  s u f f i c i e n t  t o  a l low a s t r o n g  p l a u s i b i l i t y  argument f o r  such an  e m i s -  
s i o n  p r o c e s s .  I n  t h e  f o l l o w i n g  s e c t i o n  w e  o u t l i n e  t h e  experiments  w e  
b e l i e v e  t o  b e  n e c e s s a r y  t o  i d e n t i f y  t h e  emiss ion  p r o c e s s  unequivoca l ly .  
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V . RECOMMENDATIONS 

Tunnel ca thode  s t u d i e s  t o  d a t e ,  i n c l u d i n g  o u r s ,  have been 
based on t h e  assumption of a h o t  e l e c t r o n  emiss ion  p r o c e s s .  
t o  combat t h e  d e t e r i o r a t i o n  observed e x p e r i m e n t a l l y  have been i n f l u e n c e d  
by t h e  same assumption.  We f e e l  t h a t  t h e  p r e s e n t  s t u d y  h a s  c a s t  s u f f i -  
c i e n t  doubt  upon t h a t  assumption t o  j u s t i f y  a f r e s h  a p p r a i s a l  of t h e  
emiss ion  p r o c e s s .  Only when t h i s  p r o c e s s  has  been p o s i t i v e l y  i d e n t i f i e d  
w i l l  i t  b e  p o s s i b l e  t o  conduct an  e f f i c i e n t  s e a r c h  f o r  t h e  decay mechanism. 

Attempts  

The f i r s t  s t e p  should  be a r e p e t i t i o n ,  i n  somewhat g r e a t e r  
d e t a i l  and w i t h  more s t r i n g e n t  c o n t r o l s  t h a n  w e r e  f e a s i b l e  i n  t h e  p r e s e n t  
program, of t h e  comparison between s p u t t e r e d  and e v a p o r a t e d  g o l d  cover  
metal f i l m s  w i t h  and w i t h o u t  h o l e s .  Gold f i l m  t h i c k n e s s  would b e  moni- 
t o r e d  by a c r y s t a l  ra te  monitor  and c o r r e l a t e d  w i t h  s h e e t  r e s i s t a n c e  
measurements. 
t i o n  a t  lower p r e s s u r e s  f o r  reduced s e n s i t i v i t y  of s p u t t e r i n g  ra te  t o  
gas  p r e s s u r e .  Electr ical  tes t  procedures  would b e  r e v i s e d  t o  a l l o w  t h e  
r e c o r d i n g  of more complete l i f e  h i s t o r i e s .  E l e c t r o n  microscope observa-  
t i o n s  would b e  made of e v e r y  ca thode .  T h i s  comparison should  n o t  r e q u i r e  
more t h a n  e i g h t  o r  t e n  ca thodes  i n  a l l .  I t s  main purpose  would be t o  
r e f i n e  t h e  cathode f a b r i c a t i o n  process  s o  a s  t o  t a k e  advantage  of tech-  
n i q u e s  developed i n  t h e  p r e s e n t  s t u d y .  I n  t h i s  way a more c o n s i s t e n t  
group of ca thodes  can b e  made a v a i l a b l e  f o r  t h e  n e x t  s t e p ,  which i s  t o  
l o c a t e  t h e  s o u r c e  of e l e c t r o n  emiss ion  d i r e c t l y  by imaging t h e  ca thode  
i n  a h i g h  r e s o l u t i o n  emiss ion  microscope.  
have been r e p o r t e d  w i t h  r e s o l u t i o n  c a p a b i l i t y  on t h e  o r d e r  of 250 
I f ,  as w e  s u s p e c t ,  e l e c t r o n s  are e m i t t e d  from h o l e s  i n  t h e  cover  metal 
f i l m ,  t h i s  r e s o l u t i o n  s h o u l d  b e  adequate  t o  prove  i t .  

S p u t t e r i n g  f i x t u r e s  would b e  r e d e s i g n e d  t o  a l l o w  opera-  

I n s t r u m e n t s  of t h i s  typ: 

Although emiss ion  microscope development seems t o  b e  concen- 
t r a t e d  i n  Europe a t  p r e s e n t ,  w e  would hope t o  f i n d  a n  i n s t r u m e n t  avail- 
a b l e  i n  t h e  United S t a t e s .  
t h e  u s e  of an e x i s t i n g  ins t rument  r a t h e r  than c o n s t r u c t i n g  our  own. I t  
might  b e  d e s i r a b l e ,  however, t o  c o n s t r u c t  an emiss ion  microscope w i t h  
more modest c a p a b i l i t i e s  f o r  u s e  i n  p r e s e l e c t i n g  ca thodes  f o r  d e t a i l e d  
o b s e r v a t i o n  i n  a more powerful  machine. 
f a c t o r s  of t h i s  t y p e  of ins t rument  are r e a d i l y  a v a i l a b l e  i n  t h e  l i t e ra -  
t u r e ,  and w e  b e l i e v e  t h a t  a s imple b u t  u s e f u l  emiss ion  microscope can 
be made a t  modest c o s t .  

I n  e i t h e r  case w e  would p r e f e r  a r r a n g i n g  f o r  

D e t a i l e d  d e s i g n  and c o n s t r u c t i o n  

A d e t a i l e d  s t u d y  of t h e  decay phenomenon does n o t  seem 
j u s t i f i e d  u n t i l  t h e  o b s e r v a t i o n s  proposed above have l e d  t o  some f i r m e r  
c o n c l u s i o n s  about  t h e  n a t u r e  of t h e  emiss ion  p r o c e s s .  
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